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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present Invention relates in general to a 
control system for controlling operation of an internal 
combustion engine, and more particularly to an intake 
air control system that controls the amount of intake air 
to a target value by adjusting an OPEN/CLOSE timing 
of each intake valve of the engine. 

2. Description of the Related Art 

[0002] Hitherto, various intake air control systems 
have been proposed for appropriately controlling the 
amount of intake air by controlling the operation timing 
of the intake and exhaust valves. 
[0003] One of such intake air control systems is 
shown in Laid-open Japanese Patent Application 
9-256823. In the system of this publication, for accuracy 
with which the open/close operation of each of the intake 
and exhaust valves is carried out, an electromagnetic 
type valve actuating unit is used that includes electro- 
magnetic actuators for actuating the intake and exhaust 
valves. In the engine equipped with such electromag- 
netic type valve actuating unit, control of the amount of 
intake air is made by adjusting the time for which each 
intake valve is opened, irrespective of whether the in- 
take pipe of the engine is of a type equipped with a throt- 
tle valve or a type equipped with no throttle valve. Under 
operation of the engine, the pressure in the intake pipe 
is kept substantially equal to the atmospheric pressure, 
and thus the engine shows a less pumping loss as com- 
pared with a conventional engine that controls the intake 
air by using a throttle valve. However, even such engine 
has failed to adequately satisfy users due to various rea- 
sons. 

SUMMARY OF THE INVENTION 

[0004] It is therefore an object of the present invention 
to provide an intake air control system of an internal 
combustion engine, which can adequately satisfy users. 
[0005] It is another object of the present invention to 
provide an intake air control system of an internal com- 
bustion engine, which assures an engine brake under a 
deceleration condition of an associated motor vehicle. 
[0006] It is still another object of the present invention 
to provide an intake air control system of an internal 
combustion engine, which suppresses or at least mini- 
mizes the amount of lubrication oil sucked into the com- 
bustion chamber. 

[0007] In accordance with a first aspect of the present 
invention, there is provided an intake air control system 
for use in an automotive engine. The engine has an air 
intake passage, a throttle valve installed in the air intake 
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passage and an intake valve for selectively opening and 
closing a communication between the intake passage 
and a cylinder. The control system comprises a target 
intake passage pressure setting unit which sets a target 

5 pressure in an intake passage of the engine in accord- 
ance with an operating condition of the engine; a target 
intake air amount setting unit which sets a target intake 
air amount of the engine in accordance with the operat- 
ing condition of the engine; a target throttle open degree 

io setting unit which sets a target open degree of the throt- 
tle valve of the engine in accordance with both the target 
pressure in the intake passage and the target intake air 
amount of the engine; a throttle valve drive unit which 
drives the throttle valve in accordance with the target 

'5 open degree of the throttle valve; an intake passage 
pressure detecting unit which detects an existing pres- 
sure in the intake passage; a target intake valve OPEN/ 
CLOSE timing setting unit which sets a target OPEN/ 
CLOSE timing of the intake valve in accordance with 

20 both the detected existing pressure in the intake pas- 
sage and the target intake air amount; and an intake 
valve drive unit which drives the intake valve in accord- 
ance with the target OPEN/CLOSE timing of the intake 
valve. 

25 [0008] In accordance with a second aspect of the 
present invention, there is provided a method for con- 
trolling an amount of intake air in an automotive engine. 
The engine has an air intake passage, a throttle valve 
installed in the air intake passage and an intake valve 

so for selectively opening and closing a communication be- 
tween the intake passage and a cylinder. The method 
comprises setting a target pressure in an intake pas- 
sage of the engine in accordance with an operating con- 
dition of the engine; setting a target intake air amount 

35 of the engine in accordance with the operating condition 
of the engine; setting a target open degree of the throttle 
valve of the engine in accordance with both the target 
pressure in the intake passage and the target intake air 
mount of the engine; driving the throttle valve in accord- 

40 ance with the target open degree of the throttle valve; 
detecting an existing pressure in the intake passage; 
setting a target OPEN/CLOSE timing of the intake valve 
in accordance with both the detected existing pressure 
in the intake passage and the target intake air amount; 

45 and driving the intake valve in accordance with the tar- 
get OPEN/CLOSE timing of the intake valve. 

BRIEF DESCRIPTION OF THE DRAWINGS 

so [0009] 

Fig. 1 is a diagrammatic view showing an internal 
combustion engine to which the present invention 
is practically applied; 
5 5 Fig. 2 is a sectional view of an electromagnetic ac- 
tuator for actuating an intake or exhaust valve of the 
engine; 

Fig. 3 is a flow chart showing programmed opera- 
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tion steps for carrying out control of the amount of 
intake air; 

Fig. 4 is a flow chart showing programmed opera- 
tion steps for setting a target pressure to be created 
in an intake pipe; 

Fig. 5 is a flowchart showing programmed operation 
steps for learning a position of an associated motor 
vehicle where a manual shift down is carried out; 
Fig. 6 is a flowchart showing programmed operation 
steps for setting a target amount of intake air; 
Fig. 7 is a flowchart showing programmed operation 
steps for calculating a target open degree of a throt- 
tle valve; 

Fig. 8 is a graph showing a correlation between "A/ 
(Ne • V) M and a target volume flow rate; 
Fig. 9 is a flowchart showing programmed operation 
steps for calculating OPEN/CLOSE timing of the in- 
take valve; 

Fig. 10 is a graph showing a correlation between a 
combustion chamber pressure and a cylinder vol- 
ume with respect to CLOSE timing of the intake 
valve; and 

Fig. 11 is a graph similar to Fig. 10, but showing a 
case wherein the CLOSE timing of the intake valve 
is calculated based on the target pressure in the in- 
take pipe. 

DETAILED DESCRIPTION OF THE INVENTION 

[0010] In the following, the present invention will be 
described in detail with reference to the drawings. For 
ease of understanding, the description will proceed with 
the aid of directional words, such as, right, left, upper, 
lower, rightward, upward and the like. However, it is to 
be noted that the words are to be understood with re- 
spect to only the drawings on which the aimed parts and 
structures are shown. 

[001 1] Referring to Fig. 1 , there is shown but partially 
an automotive internal combustion engine 1 01 to which 
the present invention is practically applied. 
[0012] Into each combustion chamber of the engine 

1 01 , there is introduced air through an air intake duct 

102, an intake air collector 103 and an intake manifold 
1 04. The air intake duct 1 02 is equipped with an air flow 
meter 105 for detecting the flow rate of air and an elec- 
tronically controlled throttle valve 1 06 for controlling the 
amount of air fed to the engine 1 01 . Each branch of the 
intake manifold 104 is equipped with a fuel injection 
valve 1 07. 

[001 3] Each of intake and exhaust valves 1 08 and 1 09 
of each cylinder of the engine 1 01 is actuated by an elec- 
tromagnetic actuator 200 which is well shown in Fig. 2. 
A combustion chamber of each cylinder is equipped with 
an ignition plug 110 to ignite air-fuel mixture fed there- 
into. Gas produced in the combustion chamber as a re- 
sult of combustion of the air-fuel mixture is exhausted 
into an exhaust manifold 111 through the exhaust valve 
1 09. To a united portion of branches of the exhaust man- 



ifold 111 , there is connected an air/fuel ratio sensor 112 
which senses an exhaust air/fuel ratio by measuring an 
oxygen concentration in the exhaust gas. 
[0014] For electronically controlling the throttle valve 
5 106, each of the fuel injection valves 107, each of the 
ignition plugs 110 and each of the electromagnetic ac- 
tuators 200 (see Fig. 2), there is employed an engine 
control unit (ECU) 113 which receives information sig- 
nals from the air flow meter 105 and the air/fuel ratio 
10 sensor 112. Into the engine control unit 113, there are 
also fed information signals from a crank angle sensor 
114, an engine cooling water temperature sensor 115, 
an intake air temperature sensor 116, an accelerator 
pedal operation degree sensor 1 1 7 and a vehicle speed 
15 sensor 118. 

[0015] The engine control unit (ECU) 1 13 is a compu- 
ter which generally comprises a central processing unit 
(CPU), a random access memory (RAM), a read only 
memory (ROM), an input interface and an output inter- 
na face. 

[0016] Referring to Fig. 2, there is clearly shown the 
electromagnetic actuator 200 which actuates each of 
the intake and exhaust valves 1 08 and 109. 
[001 7] For ease of description, the following explana- 

25 tion will be made with respect to only the electromag- 
netic actuator 200 applied to the intake valve 1 08. The 
other electromagnetic actuator 200 for the exhaust 
valve 1 09 and its surrounding structure are substantially 
the same as those of the actuator 200 for the intake 

30 valve 108. 

[0018] As shown, astern 1 08a of the intake valve 1 08 
is slidably received in a bore (no numeral) formed in a 
cylinder head 201 of the engine 1 01 . The stem 1 08a has 
a valve retainer 203 fixed thereto. Between the valve 

35 retainer 203 and the cylinder head 201 , there is com- 
pressed a so-called valve closing spring 204, so that the 
intake valve 1 08 is biased upward, that is, in a direction 
(viz. , valve closing direction) to close an intake port 201 a 
of the cylinder head 201 . 

40 [0019] The electromagnetic actuator 200 is incorpo- 
rated with the stem 1 08a of the intake valve 1 08 in the 
following manner. 

[0020] The actuator 200 comprises a cylindrical hol- 
low case that includes a circular base member 206 se- 
45 curely mounted on the cylindrical head 201 , a cylindrical 
member 205 mounted on the base member 206 and a 
circular head member 207 mounted on the cylindrical 
member 205. Within the hollow case, two, that is, so- 
called valve opening and closing electromagnets 208 
so and 209 are immovably disposed, which are coaxially 
arranged keeping a given distance therebetween. That 
is, as shown, an upper surface 208b of the valve open- 
ing electromagnet 208 and a lower surface 209b of the 
valve closing electromagnet 209 face each other with 
55 the given distance kept therebetween. Each electro- 
magnet 208 or 209 is equipped with an energizing coil 
208a or 209a. Thus, when the coil 208a or 209a is ap- 
plied with a certain electric current from a drive circuit 
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(not shown), the corresponding electromagnet 208 or 

209 generates a magnetic force. 
[0021 ] A shaft 2 1 0 passes slidably th rough center por- 
tions of the two electromagnets 208 and 209. The shaft 

210 is in alignment with the stem 1 08a of the intake valve 
1 087, and a lower end of the shaft 21 0 is in contact with 
an upper end 108b of the valve stem 108a. The shaft 
210 has at its middle portion an armature 211 fixed 
thereto. The armature is made of a magnetic material. 
As shown, the armature 211 is located in the space be- 
tween the two electromagnets 208 and 209. Thus, upon 
energization of the coil 208a or 209a, the shaft 210 is 
moved downward or upward. 

[0022] The shaft 210 has an upper end projected 
through the head member 207 of the cylindrical hollow 
case. The projected portion of the shaft 21 0 is equipped 
with a spring seat 214. A spring cover 216 is mounted 
on the head member 207 to house therein the projected 
portion of the shaft 210 and the spring seat 214. A so- 
called valve opening spring 21 5 is compressed between 
the spring cover 216 and the spring seat 214, so that 
the shaft 210 is biased downward, that is, in a direction 
(viz., valve opening direction) to bias the intake valve 
1 08 to open the intake port 201 a. 
[0023] As has been mentioned hereinabove, the shaft 
21 0 is in alignment with the stem 1 08a of the intake valve 
1 087, and a lower end of the shaft 21 0 is in contact with 
an upper end 1 08b of the valve stem 1 08a. Thus, when 
the shaft 210 is applied with a certain downward force, 
the shaft 210 pushes down the valve stem 108a and 
thus moves the intake valve 108 downward to open the 
intake port 201a, while when the shaft 210 is applied 
with a certain upward force and thus moved upward, the 
valve step 108a is moved upward by the force of the 
valve closing spring 204 until the intake valve 1 08 closes 
the intake port 201a. 

[0024] That is, due to energization of the valve open- 
ing or closing electromagnet 208 or 209, the intake valve 
1 08 is moved to open or close the intake port 201 a. 
[0025] As is shown in Fig. 2, a position sensor 217 is 
arranged in the spring cover 21 6, which detects a posi- 
tion or displacement of the shaft 210. For example, a 
potentiometer may be used as such sensor 21 7. 
[0026] In the following, a method for controlling the 
amount of intake air will be described in detail with ref- 
erence to various flowcharts shown in the drawings. 
[0027] Fig. 3 is a flowchart depicting the entire of the 
control for the amount of intake air. 
[0028] The control is executed for example every 
1 0msec. 

[0029] At step S-501 , a target pressure in an. intake 
passage (which will be referred to "target intake pas- 
sage pressure" hereinafter) is set, at step S-502, a tar- 
get amount of intake air (which will be referred to "target 
intake air amount" hereinafter) is calculated, and at step 
S-503, a target open degree of the throttle valve 106 
(which will be referred to "target throttle open degree" 
hereinafter) is calculated based on both the set target 



intake passage pressure and the calculated target in- 
take air amount. 

[0030] At step S-504, a pressure in an intake pipe 
(which will be referred to "existing intake passage pres- 
s sure" hereinafter) is detected, and at step S-505, an 
OPEN/CLOSE timing of the intake valve 1 08 (which will 
be referred to "intake valve OPEN/CLOSE timing" here- 
inafter) is calculated based on both the detected existing 
intake passage pressure and the calculated target in- 
fo take air amount. 

[0031] Fig. 4 is a flowchart depicting the detail of the 
step S-501 of the flowchart of Fig. 3. 
[0032] That is, at step S-601 , an accelerator pedal op- 
eration degree is read, and at step S-602, a vehicle 
*5 speed is read. At step S-603, based on both the accel- 
erator pedal operation degree and the vehicle speed, a 
judgement is carried out as to whether the associated 
motor vehicle is under a deceleration condition or not, 
that is, if a driver requires a deceleration (viz., engine 
20 brake) of the vehicle or not. If YES, that is, when the 
accelerator pedal operation degree is smaller than a 
predetermined degree and the vehicle speed exceeds 
a predetermined speed, the operation flow goes to step 
S-604. That is, under the deceleration condition, a neg- 
25 ative driving force is needed. At step S-604, the target 
intake passage pressure is set to a relatively low pres- 
sure such as -500mmHg or so. While, if NO at step S- 
603, that is, when it is judged thatthe vehicle is not under 
the deceleration condition, the operation flow goes to 
30 step S-605. At this step, the target intake passage pres- 
sure is set to a relatively high pressure such as 
-50mmHg or so. 

[0033] In the above-mentioned flow, the deceleration 
of the vehicle (viz., requirement for engine brake by the 
35 driver) is judged based on the accelerator pedal opera- 
tion degree. If desired, such judgement may be carried 
out based on both the accelerator pedal operation de- 
gree and actual operation of a brake pedal by the driver, 
or based on only the actual operation of the brake pedal.' 
40 [0034] Furthermore, if the vehicle is of a type 
equipped with a vehicle navigation system including 
GPS (viz., global positioning system), an addition step 
may be employed wherein a deceleration of the vehicle 
is forecasted based on a map information given by the 
45 navigation system. That is, if the map shows a curve or 
a down road on the course of the vehicle, the decelera- 
tion of the vehicle can be forecasted. In this case, the 
target intake passage pressure is set to a lower level. 
Furthermore, if the navigation system is equipped with 
5 o a vehicle-information-communication-system (viz., 
VICS), such forecasting may be effected by using infor- 
mation given by this system. 

[0035] Furthermore, if the vehicle is equipped with a 
system which is disclosed in Laid-open Japanese Pat- 
55 ent Application 8-82365, the following measure may be 
used forjudging the need of deceleration. That is, in the 
system, when, during running down on a down road, a 
vehicle is subjected to a manual shift down operation, 
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such shift down operation is learned and memorized to- 
gether with a position of the vehicle detected by a nav- 
igation system, and when the vehicle comes to the po- 
sition again during running down on the same down 
road, a shift down operation is automatically carried out. 5 
That is, this automatic shift down operation can be used 
as an indication of the need of deceleration of the vehi- 
cle. Upon receiving such indication, the target intake 
passage pressure is set to a lower level. 
[0036] Fig. 4 shows a flowchart depicting the learning 
of the position of the vehicle executed when the vehicle 
is subjected to a manual shift down operation. 
[0037] At step S-31 , a judgement is carried out as to 
whether or not the existing condition of the vehicle is 
substantially the same as that assumed when a previ- 
ous manual shift down operation was carried out. That 
is, when, with the accelerator pedal operation degree 
"TVO" being 0 (zero), the vehicle position, the gear po- 
sition and the vehicle speed changing rate "AVSP" are 
the same as those taken at the previous manual shift 
down operation, it is judged that the existing condition 
of the vehicle is the same as that assumed at the previ- 
ous manual shift down operation. 
[0038] The reason of adopting the sameness in the 
vehicle speed changing rate "AVSP" is as follows. That 
is, during cruising of a vehicle on a down road, the ac- 
celerator pedal operation degree is almost 0 (zero) until 
the time when a driver effects a manual shifts down op- 
eration for achieving an engine brake, and thus, if the 
vehicle position is the same, the change of the vehicle 
speed "VSP" from the value shown at the previous shift 
down operation indicates a predetermined positive val- 
ue irrespective of variation of the drivers. 
[0039] If NO at step S-31 , that is, when the judgement 
is so made that the existing condition of the vehicle is 
not the same as that assumed at the previous manual 
shift down operation, the operation flow goes to step S- 
32. At this step, a judgement is carried out as to whether 
a select lever manipulation currently effected by the driv- 
er is intended for a shift down operation or not. If NO, 
that is, when the select lever manipulation is not intend- 
ed for the shift down operation, the operation flow goes 
to END. While, if YES at step S-32, that is, when the 
select lever manipulation is intended for the shift down 
operation, the operation flow goes to step S-33. At this 
step, gear positions assumed before and after the cur- 
rent manual shift down operation are memorized. Then, 
at step S-34, a judgement is carried out as to whether 
the accelerator pedal operation degree "TVO" is 0 (zero) 
or not. If NO, that is, when the degree "TVO" is not 0 
(zero), the operation flow goes to END. While, if YES at 
step S-34, the operation flow goes to S-35. At this step, 
a judgement is carried out as to whether the vehicle 
speed changing rate "AVSP" is greater than 0 (zero) or 
not. If NO, that is, when the vehicle speed changing rate 
"AVSP" is smaller than 0 (zero), the operation flow goes 
to END. While, if YES, that is, when the vehicle speed 
changing rate "AVSP" is greater than 0 (zero), the op- 



eration flow goes to step S-36. At this step, a current 
vehicle position and a travelling direction measured by 
the vehicle navigation system are read and memorized. 
Then, the operation flow goes to step S-37. At this step, 
the current vehicle position, the vehicle speed changing 
rate "AVSP" and the above-mentioned gear positions 
are newly memorized as a learned data on the position 
where the driver has needed the deceleration (viz., shift 
down operation) of the vehicle. 
[0040] The learned and memorized data at step S-37 
is looked up when the vehicle passes through the same 
position. When, upon this, with the accelerator pedal op- 
eration degree being 0 (zero), an existing gear position 
and an existing vehicle speed changing rate "AVSP" are 
the same as those of the learned and memorized data, 
a shift down operation is automatically carried out with 
the same shift pattern as that taken when the manual 
shift down operation was carried out. For achieving this 
shift down operation, the target intake passage pressure 
is set to a lower level, judging the need of deceleration 
of the vehicle. 

[0041] If YES at step S-31 , that is, when the existing 
condition of the vehicle is judged substantially the same 
as that assumed when the previous manual shift oper- 
ation was carried out, the operation flow goes to step S- 
38. At this step, based on the result of learning of the 
manual shift down operation, a judgement is carried out 
as to whether or not the vehicle has been subjected to 
a deceleration before the automatic shift down opera- 
tion. In fact, this judgement is made by carrying out a 
judgement whether or not the vehicle has been braked 
by shifting the select lever in the direction to achieve the 
shift down operation or depressing the brake pedal. If 
YES, that is, when the vehicle has been subjected to a 
deceleration before the automatic shift down operation, 
the operation flow goes to step S-39. At this step S-39, 
the learned data is so corrected that the position where 
the automatic shift down operation is carried out is set 
much backward, that is, the time when the automatic 
shift down operation is carried out comes much earlier. 
While, if NO at step S-38, that is, when the vehicle has 
not been subjected to a deceleration before the auto- 
matic shift down operation, the operation flow goes to 
step S-40. At this step, a judgement is carried out as to 
whether or not the vehicle has been subjected to an ac- 
celeration after the automatic shift down operation, if 
NO, that is, when the vehicle has not been subjected to 
an acceleration after the automatic shift down operation, 
the operation flow goes to END. While, if YES at step 
S-40, that is, when the vehicle has been subjected to an 
acceleration after the automatic down shift operation, 
the operation flow goes to step S-41 . At this step, the 
learned data is so corrected that the position where the 
automatic shift down operation is carried out is set much 
forward, that is, the time when the automatic shift down 
operation is carried out comes much later. 
[0042] Fig. 6 is a flowchart depicting the detail of the 
step S-502 of the flowchart of Fig. 3. 
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[0043] That is, at step S-701 , the amount of intake air 
(which will be referred to "idling keeping air amount" 
hereinafter) needed for keeping an idling condition of the 
engine is read. That is, the idling keeping air amount is 
the air amount that is needed when, due to deceleration 
of the vehicle, the fuel injection is suspended. More spe- 
cifically, the idling keeping air amount is so set as to pro- 
duce an engine power that does not produce a marked 
shock when the fuel injection is restarted. At step S-702, 
a throttle opening degree "Ai" for achieving the idling 
keeping air amount is calculated. That is, the throttle 
opening degree "Ai" is calculated from the following 
equation (1): 



Ai = IKAM x K 



(D 



wherein: 



IKAM: idling keeping air amount. 
K: factor representing a relation between the 
amount of intake air passing through the throttle 
valve at a sonic speed and the open degree of the 
throttle valve. 

[0044] At step S-703, the accelerator pedal operation 
degree is read, and at step S-704, a throttle opening 
degree "Aa" (which will be referred to "driver needed en- 
gine power corresponding throttle opening degree") ac- 
tually needed by a driver is looked up from a data map 
which shows a relation between the accelerator pedal 
operation degree and the throttle opening degree. 
[0045] At step S-705, a throttle opening degree "A" is 
calculated from the following equation (2): 



A = Ai + Aa 



(2) 



[0046] At step S-706, the following equation (3) is ex- 
ecuted. 



ANV = A/(NexV) 



(3) 



wherein: 



Ne: engine speed. 

V: engine displacement. 

[0047] At step S-707, a target air volume flowing rate 
"tQHO" corresponding to the derived "ANV" is looked 
up from a data map which shows a relation between a 
target air volume flowing rate (viz., rate of the volume of 
intake air in a normal condition to a stroke volume) and 
the target intake air amount. The data map used in this 
step S-707 is provided with reference to an engine hav- 
ing conventional cam actuated intake valves each hav- 
ing a top dead center at its opening time and a bottom 



dead center at its closing time. 
[0048] At step S-708, a lower limit "QHOmin" of the 
intake air amount (which will be referred to "minimum 
intake air amount" hereinafter) that allows the amount 
5 of lubrication oil sucked into each combustion chamber 
to be within a permitted range is calculated, and when 
the target air volume flowing rate "tQHO" derived at step 
S-707 is smaller than the minimum intake air amount 
"QHOmin", the minimum intake air amount "QHOmin" 
10 is set to the target air volume flowing rate "tQHO". For 
ease of description, the amount of lubrication oil sucked 
into the combustion chamber will be referred to "amount 
of sucked lubrication oil" hereinafter. In general, the 
amount of sucked lubrication oil is determined by the 
« pressure in the chamber and the minimum pressure in 
the combustion chamber at the bottom dead center is 
determined by the intake air amount. Thus, the minimum 
intake air amount "QHOmin" may be set to an amount 
given when the pressure in the combustion chamber at 
20 the bottom dead center shows an allowable minimum 
value. Since the timing of intake and expansion strokes 
varies in accordance with the engine speed, the mini- 
mum intake air amount "QHOmin" is looked up from a 
data map based on the engine speed "Ne". 
25 [0049] Fig. 7 is a flowchart depicting the detail of the 
step S-503 of the flowchart of Fig. 3. 
[0050] At step S-801, the target air volume flowing 
rate "tQHO" is read, and at step S-802, the target intake 
passage pressure "tPman" is read. 
30 [0051] For easy understanding the subsequent steps 
S-803 to S-808, the graph of Fig. 8 will be described in 
the following. 

[0052] When the existing intake passage pressure is 
kept constant, the value "ANV" (that is, A/(Ne x V)) and 
35 the air volume flowing rate "QHO" have a proportional 
relation, as is represented by a solid straight line in Fig. 
8. In deriving the throttle opening degree "A" that induc- 
es the target intake passage pressure, consideration 
should be paid to a fact that the intake air amount that 
<o is given by controlling the opening/closing timing of the 
intake valve with the pressure kept in the intake passage 
has an upper limit "QHOmax" (which will be referred to 
"maximum intake amount" hereinafter). Thus, to the 
needed intake air amount greater than the maximum in- 
& take amount "QHOmax", the closing time "IVC" (which 
will be referred to "intake valve closing time" hereinafter) 
of the intake valve is fixed to the bottom dead center 
"BDC" to raise the existing intake passage pressure 
higher than the target value. For effecting this measure, 
so the following operation steps are carried out. 

[0053] Referring back to Fig. 7, at step S-803, the gra- 
dient of the solid line of Fig. 8 (viz., rate of "ANX" to 
"QHO" at the time when the existing intake passage 
pressure is kept constant) is looked up from a previously 
& provided data map based on the target intake passage 
pressure "tPman". That is, coefficient "C" is derived. 
[0054] At step S-804, the target air volume flowing 
rate "tQHO" and the above-mentioned gradient are mul- 
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tiplied together to provide a value "A/(Ne x V)" at the 
target intake passage pressure, and the value "A/(Ne x 
V) M is set to "ANVe". 

[0055] At step S-805, a value "A/(Ne x V) u in case 
wherein the intake valve closing time "IVC" is fixed to 5 
the bottom dead center "BDC" is derived with reference 
to a solid curve shown in the graph of Fig. 8, and the 
value "A/(Ne x V) M is set to "ANVm". 
[0056] At step S-806, a comparison between the 
"ANVe" and the "ANVm" is carried out. If the "ANVe" is 10 
greater than the "ANVm", the operation flow goes to step 
S-807 where the following equation (4) is carried out for 
obtaining a target throttle opening area "At": 

At = ANVE x Ne x V (4) 

[0057] While if the "ANVe" is smaller than the "ANVm" 
at step S-906, the operation flow goes to step S808 
where the following equation (5) is carried out for ob- 20 
taining the target throttle opening area "At": 

At = ANVm x Ne x V ■ (5) 

25 

[0058] At step S-809, by looking up a data map that 
shows a relation between the target throttle opening ar- 
ea "At" and the throttle opening degree, the target throt- 
tle opening degree is derived. The engine control unit 
(ECU) 113 (see Fig. 1 ) feeds the electronically control- 30 
led throttle valve 1 06 with an instruction signal based on 
the target throttle opening degree to cause the valve 1 06 
to take the target throttle opening degree. 
[0059] Fig. 9 is a flowchart depicting the detail of the 
step S-505 of Fig. 3. In the present invention, the open- 35 
ing time "E VO" of each exhaust valve is set at the bottom 
dead center "BDC", the closing time "EVC" (which will 
be referred to "exhaust valve closing time" hereinafter) 
of the exhaust valve is set at the top dead center "TDC", 
the opening timing "IVO" of each intake valve is set at 40 
the top dead center "TDC" and the intake valve closing 
time "IVC" is derived from the steps shown in the flow- 
chart of Fig. 9. 

[0060] At step S-901, the existing intake passage 
pressure "Pman" is read. For detecting the existing in- 45 
take passage pressure, a pressure sensor (not shown) 
is connected to the intake manifold 104 (see Fig. 1). Or, 
if desired, estimation technique may be used. That is, 
by carrying out a real test, a data map is prepared which 
shows characteristic of a relation between the opening so 
degree of the throttle valve 106 and the pressure in the 
air intake duct 102, and the characteristic is subjected 
to an approximation of first-order lag, and a first-order 
lag treatment is applied to the target intake passage 
pressure to estimate the existing intake passage pres- ss 
sure actually shown in the air intake duct 102. 
[0061] At step S-902, the maximum intake air amount 
"QHOmax" under the pressure "Pman" is derived. This 



is carried out by looking up a data map that shows a 
relation between the maximum intake air amount 
"QHOmax" and the pressure in the intake duct 102. 
[0062] At step S-903, the target air volume flowing 
rate "tQHO" is read, and at step S-904, based on both 
the target air volume flowing rate "tQHO" and a maxi- 
mum intake air amount "tQHOmax" of the target air vol- 
ume flowing rate, the open period "OP" of the intake 
valve is derived. Using this open period "OP", the intake 
valve closing time is derived. The open period "OP" of 
the intake valve is calculated from the following equation 
(6): 

OP = 1 80° CA x tQHO / tQHOmax (6) 

[0063] The engine control unit (ECU) 113 (see Fig. 1) 
feeds each electromagnetic actuator 200 (see Fig. 2) 
with an instruction signal based on the derived intake 
valve closing time, so that the intake valve 1 08 is opened 
at the top dead center and closed at the derived closing 
time. 

[0064] As is described hereinabove, in the present in- 
vention, the throttle opening degree and the intake valve 
closing time "IVC" under deceleration of the vehicle are 
calculated for controlling the amount of intake air. Ad- 
vantages given by such calculation will be described 
with the aid of Fig. 10 in the following. 
[0065] For ease of understanding, let us assume that 
just before a deceleration, the vehicle is running under 
a condition wherein the existing intake passage pres- 
sure is for example -50mmHg and the intake valve clos- 
ing time "IVC" is "IVC(1) M . When now the vehicle is de- 
celerated, the target intake passage pressure becomes 
set to for example -500mmHg to reduce the throttle 
opening degree. 

[0066] At the same time, the intake valve closing time 
"IVC" becomes set to a value corresponding to an intake 
air amount that allows the amount of sucked lubrication 
oil to be within a predetermined allowable range. In other 
words, in the graph of Fig. 11 , the intake valve closing 
time "IVC" is set to trace the curve defined by "P x V = 
constant* which represents a constant intake air amount 
decided by the amount of sucked lubrication oil. Accord- 
ingly, as is shown in the graph, the intake valve closing 
time "IVC" transfers to H IVC(2)", "IVC(3)" and "IVC(4)\ 
It is to be noted that the hatched area represents the 
negative driving force of the engine. 
[0067] While, if the intake valve closing time "IVC" is 
derived based on the target intake passage pressure, 
the intake valve closing time "IVC" is forced to transfer 
to "IVCfS)", "IVC(6) M and "IVC(4)" of the graph of Fig. 
11 . As will be seen from this graph, the hatched area is 
smallerthan that of Fig. 10. This means that the negative 
driving force of the engine produced in the present in- 
vention is greater than that obtained when the intake 
valve closing time "IVC" is derived based on the target 
intake passage pressure. 
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[0068] As is understood from the foregoing descrip- 
tion, according to the intake air control system of the 
present invention, under a deceleration condition of the 
vehicle, sufficient negative driving force can be obtained 
keeping the sucked lubrication oil within an allowable 
amount. 

[0069] The entire contents of Japanese Patent Appli- 
cation P1 1-5280 (filed January 12, 1999) are incorpo- 
rated herein by reference. 

[0070] Although the invention has been described 
above with reference to a certain embodiment of the in- 
vention, the invention is not limited to such embodiment. 
Various modifications and variations of such embodi- 
ment will occur to those skilled in the art, in light of the 
above teachings. 



Claims 

1 . An intake air control system of an engine having an 
air intake passage, a throttle valve installed in said 
air intake passage and an intake valve for selective- 
ly opening and closing a communication between 
the intake passage and a cylinder, comprising: 

a target intake passage pressure setting unit 
which sets a target pressure in the intake pas- 
sage of the engine in accordance with an oper- 
ating condition of the engine; 
a target intake air amount setting unit which 
sets a target intake air amount of the engine in 
accordance with the operating condition of the 
engine; 

a target throttle open degree setting unit which 
sets a target open degree of the throttle valve 
of the engine in accordance with both said tar- 
get pressure in the intake passage and said tar- 
get intake air amount of the engine; 
a throttle valve drive unit which drives said 
throttle valve in accordance with said target 
open degree of the throttle valve; 
an intake passage pressure detecting unit 
which detects an existing pressure in said in- 
take passage; 

a target intake valve OPEN/CLOSE timing set- 
ting unit which sets a target OPEN/CLOSE tim- 
ing of the intake valve in accordance with both 
the detected existing pressure in said intake 
passage and said target intake air amount; and 
an intake valve drive unit which drives said in- 
take valve in accordance with said target 
OPEN/CLOSE timing of the intake valve. 

2. An intake air control system as claimed in Claim 1 , 
in which said target intake passage pressure setting 
unit sets the target pressure in the intake passage 
at a smaller value when deceleration of an associ- 
ated motor vehicle is needed. 
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i. An intake air control system as claimed in Claim 1 , 
in which said target intake passage pressure setting 
unit sets the target pressure in the intake passage 
at a smaller value when need of deceleration of an 
associated motor vehicle is forecasted. 

. An intake air control system as claimed in Claim 3, 
in which the forecast of the need of deceleration of 
the motor vehicle is made based on a road on and 
along which the vehicle is running. 

. An intake air control system as claimed in Claim 1 , 
in which said target intake air amount is set higher 
than a predetermined lower limit. 

An intake air control system as claimed in Claim 2, 
in which said target intake air amount setting unit 
sets a target intake air amount needed when the 
deceleration of the vehicle takes place. 

An intake air control system as claimed in Claim 4, 
In which said target intake air amount setting unit 
sets a target intake air amount needed when the 
deceleration of the vehicle takes place. 

An intake air control system as claimed in Claim 1 , 
in which said target throttle open degree setting unit 
sets a target open degree of the throttle valve need- 
ed for obtaining said target pressure in the intake 
passage and sets, as a final target open degree of 
the throttle valve, the largest open degree needed 
for obtaining said target intake air amount of the en- 
gine when the OPEN/CLOSE timing of said intake 
valve is set to a predetermined value corresponding 
to the largest operation angle of the intake valve. 

Method for controlling the amount of intake air In an 
engine having an air intake passage, a throttle valve 
installed in said air intake passage and an intake 
valve for selectively opening and closing a commu- 
nication between the intake passage and a cylinder, 
comprising: 

setting a target pressure in an intake passage 
of the engine in accordance with an operating 
condition of the engine; 
setting a target intake air amount of the engine 
in accordance with the operating condition of 
the engine; 

setting a target open degree of the throttle valve 
of the engine in accordance with both said tar- 
get pressure in the intake passage and said tar- 
get intake air mount of the engine; 
driving said throttle valve in accordance with 
said target open degree of the throttle valve; 
detecting an existing pressure in said intake 
passage; 

setting a target OPEN/CLOSE timing of the in- 
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take valve in accordance with both the detected 

existing pressure in said intake passage and 

said target intake air amount; and 

driving said intake valve in accordance with 

said target OPEN/CLOSE timing of the intake 

valve. 



Patentanspruche 

1. Ansaugtuftsteuersystem eines Motors, das einen 
Lufteinlasskanal hat, ein Dross elventil, installiert in 
dem Lufteinlasskanal, und ein Einlassventil, urn ei- 
ne Verbindung zwischen dem Einlasskanal und ei- 
nem Zylinder wahlweise zu offnen oder zu schlie- 
Ben, 

mit: 

einer Einlasskanal- Zieldruck- Festlegungsein- 
heit, die einen Zieldruck in dem Einlasskanal 
des Motors in Ubereinstimmung mit einer Be- 
triebsbedingung des Motors festlegt; 
einer Ziel- Einlassluftmengen-Festlegungsein- 
heit, die eine Zieiluftmenge des Motors in Uber- 
einstimmung mit dem Betriebszustand des Mo- 
tors festlegt; 

einer Ziel- Drosseloffnungsgrad- Festlegungs- 
einheit, die einen Zieloffnungsgrad des Dros- 
selventils des Motors in Ubereinstimmung mit 
sowohl dem Zieldruck in dem Einlasskanal, als 
auch der Zieleinlassluftmenge des Motors fest- 
legt; 

einer Drossetventil- Antriebseinheit, die das 
Drosselventil in Ubereinstimmung mit dem Zie- 
loffnungsgrad des Drosselventils antreibt; 
einer Einlasskanaldruck- Erfassungseinheit, 
die einen vorhandenen Druck in dem Einlas- 
skanal erfasst; 

einer Festlegungseinheit fur den Einfassventil- 
Zielzeitpunkt fur das Offnen / SchlieBen des 
Einlassventiles, die einen Zielzeitpunkt fur das 
Offnen / SchlieBen des Einlassventiles in Uber- 
einstimmung mit sowohl dem erfassten, vor- 
handenen Druck in dem Einlasskanal, als auch 
der Ziel- Einlassluftmenge festlegt; und 
eine Einlassventil- Antriebseinheit, die das Ein- 
lassventil in Ubereinstimmung mit dem Zielzeit- 
punkt fur das Offnen / SchlieBen des Ein- 
lassventiles antreibt. 

2. Ansaugluftsteuersystem nach Anspruch 1 , in dem 
die Einlasskanal- Zieldruck-Festlegungseinheit den 
Zieldruck in dem Einlasskanal auf einen kleineren 
Wert festlegt, wenn die Verlangsamung eines zuge- 
horigen Motorfahrzeuges notwendig ist. 

3. Ansaugluftsteuersystem nach Anspruch 1 , in dem 
die Einiasskanalzieldruck-Festlegungseinheit den 



Zieldruck in dem Einlasskanal auf einen kleineren 
Wert festlegt, wenn die Verlangsamung eines zuge- 
horigen Motorfahrzeuges vorhergesagt wird. 

5 4. Ansaugluftsteuersystem nach Anspruch 3, in dem 
die Vorhersage der Notwendigkeit der Verlangsa- 
mung des Motorfahrzeuges auf der Grundlage ei- 
ner StraBe auf der, und entlang der das Fahrzeug 
fahrt, erfolgt. 

10 

5. Ansaugluftsteuersystem nach Anspruch 1 , in dem 
die Zieleinlassluftmenge hoher als eine vorbe- 
x stimmte untere Grenze festgelegt wird. 

*5 6. Ansaugluftsteuersystem nach Anspruch 2, in dem 
die Ziel- Eintassluftmengen-Festlegungseinheit ei- 
ne notwendige Zieiluftmenge festlegt, wenn die 
Verlangsamung des Fahrzeuges stattfindet. 

20 7. Ansaugluftsteuersystem nach Anspruch 4, in dem 
die Ziel- Einlassluftmengen-Festlegungseinheit ei- 
ne notwendige Zieleinlassluftmenge festlegt, wenn 
die Verlangsamung des Fahrzeuges stattfindet. 

25 8. Ansaugluftsteuersystem nach Anspruch 1 , in dem 
die Ziel- Drosseloffnungsgrad- Festlegungseinheit 
einen Zieloffnungsgrad des Drosselventiles fest- 
legt, der notwendig ist, urn den notwendigen Ziel- 
druck in dem Einlasskanal zu erhalten, und als ei- 

30 nen endgultiger Zieloffnungsgrad des Drosselven- 
tiles den weitesten Offnungsgrad festlegt, der not- 
wendig ist, um die Zieleinlassluftmenge des Motors 
zu erhalten, wenn der Zeitpunkt des Offnens / 
SchlieBens des Einlassventiles auf einen vorbe- 

33 stimmten Wert festgelegt ist, der dem groBten Ar- 
beitswinkel des Einlassventiles entspricht. 

9. Verfahren zum Steuem der Einlassluftmenge in ei- 
* nem Motor, der einen Lufteinlasskanal hat, ein in 
40 dem Lufteinlasskanal installiertes Drosselventil und 
ein Einlassventil zum wahlweisen Offnen oder 
SchlieBen einer Verbindung zwischen dem Einlas- 
skanal und einem Zylinder, mit: 

45 Festlegen eines Zieldruckes in einem Einlas- 

skanal des Motors in Ubereinstimmung mit ei- 
nem Betriebszustand des Motors; 
Festlegen einer Zieleinlassluftmenge des Mo- 
tors in Ubereinstimmung mit dem Betriebszu- 

50 stand des Motors; 

Festlegen eines Zieloffnungsgrades des Dros- 
selventiles des Motors in Ubereinstimmung mit 
sowohl dem Zieldruck in dem Einlasskanal, als 
auch der Zieleinlassluftmenge des Motors; 

55 Antreiben des Drosselventiles in Ubereinstim- 

mung mit dem Zieloffnungsgrad des Drossel- 
ventiles; 

Erfassen eines vorhandenen Druckes in dem 
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Einlasskanal; 

Festlegen eines Uffnungs- / SchlieBungszeit- 
punktes des Einlassventiies in Ubereinstim- 
mung mit sowohl dem erfassten vorhandenen 
Druck in dem Einlasskanal, als auch der 5 
Zieleinlassluftmenge; und 
Antreiben des Einlassventiies in Ubereinstim- 
mung mit dem Offnungs- / SchlieGungszeit- 
punkt des Einlassventiies. 



Revendications 

1. Systeme de commande de fair d'admission d'un 
moteur comportant un passage d'admission d'air, 15 
un papillon install dans ledit passage d'admission 
d'air et une soupape d'admission pour ouvrir et ter- 
mer se^ectivement une communication entre le pas- 
sage d'admission et un cylindre, comprenant : 

20 

une unite de reglage de la pression cible dans 
le passage d'admission qui regie une pression 
cible dans le passage d'admission du moteur 
en accord avec un etat de fonctionnement du 
moteur ; 25 

une unite de reglage de la quantite cible de I'air 
d'admission qui regie une quantite cible de I'air 
d'admission du moteur en accord avec I'etat de 
fonctionnement du moteur ; 30 

une unite de reglage du degre d'ouverture cible 
du papillon qui regie un degre d'ouverture cible 
du papillon du moteur en accord a la fois avec 
ladite pression cible dans le passage d'admis- 35 
sion et ladite quantite d'air d'admission cible du 
moteur ; 

une unite d'entraTnement du papillon qui entrai- 
ne ledit papillon en accord avec ledit degre 40 
d'ouverture cible du papillon ; 

une unite de detection de la pression dans le 
passage d'admission qui detecte une pression 
existante dans ledit passage d'admission ; 45 

une unite de reglage de I'instant d'OUVERTU- 
RE/de FERMETURE cible de la soupape d'ad- 
mission qui etablit un instant cible d'OUVER- 
TURE/de FERMETURE de la soupape d'ad- so 
mission en accord a la fois avec la pression 
existante detectee dans ledit passage d'admis- 
sion et ladite quantite cible de I'air d'admission • 
et 

55 

une unite d'entraTnement de la soupape d'ad- 
mission qui entrame ladite soupape d'admissi- 
on en accord avec lesdits instants cible 



d'OUVERTURE/de FERMETURE de la soupa- 
pe d'admission. 

2. Systeme de commande de I'air d'admission selon 
la revendication 1, ou ladite unite de reglage de 
pression cible du passage d'admission regie une 
pression cible dans le passage d'admission a une 
valeur plus petite lorsqu'une deceleration d'un ve- 
hicule moteur associe" est necessaire. 

3. Systeme de commande de I'air d'admission selon 
la revendication 1, ou ladite unite de reglage de la 
pression cible du passage d'admission regie la 
pression cible dans le passage d'admission a une 
plus petite valeur lorsqu'une deceleration necessai- 
re d'un vehicule moteur associe est prevue. 

4. Systeme de commande de i'air d'admission selon 
la revendication 3, ou la prevision de la deceleration 
necessaire du vehicule moteur est faite sur la base 
d'une route sur laquelle et le long de laquelie le ve- 
hicule roule. 

5. Systeme de commande de I'air d'admission selon 
la revendication 1 , ou ladite quantite cible de I'air 
d'admission est reglee a un niveau plus eleve 
qu'une limite inferieure predeterminee. : 

6. Systeme de commande de I'air d'admission selon 
la revendication 2, ou ladite unite de reglage de la 
quantite cible de I'air d'admission regie une quantite 
d'air d'admission cible necessaire lorsque la dece- 
leration du vehicule a lieu. 

7. Systeme de commande de I'air d'admission selon 
la revendication 4, ou ladite unite de reglage de la 
quantite cible de I'air d'admission regie une quantite 
d'air d'admission cible necessaire lorsque la dece- 
leration du vehicule a lieu. 

8. Systeme de commande de I'air d'admission selon 
la revendication 1 , ou ladite unite de reglage du de- 
gte d'ouverture cible du papillon etablit un degre 
d'ouverture cible du papillon necessaire pour obte- 
nir ladite pression cible dans le passage d'admissi- 
on et etablit, comme degre d'ouverture cible final du 
papillon, le plus grand degre d'ouverture necessaire 
pour obtenir ladite quantite d'air d'admission cible 
du moteur lorsque I'instant d'OUVERTURE/de 
FERMETURE de ladite soupape d'admission est 
regie a une valeur pred&ermineecorrespondant au ' 
plus grand angle de fonctionnement de la soupape 
d'admission. 

9. Precede pour commander la quantite d'air d'admis- 
sion dans un moteur presentant un passage d'air 
d'admission, un papillon installedans ledit passage 
d'admission d'air et une soupape d'admission pour 
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ouvrir et termer seiectivement une communication 
entre le passage d'admission et un cylindre, 
comprenant : 

I'Stablissement d'une pression cible dans un 5 
passage d'admission du moteur en accord 
avec un §tat de fonctionnement du moteur ; 

l'6tablissement d'une quantite d'air d'admission 
cibie du moteur en accord avec l'6tat de fonc- 10 
tionnement du moteur ; 

l'6tablissement d'un degr6 d'ouverture cible du 
papillon du moteur en accord a la fois avec la- 
dite pression cible dans le passage d'admissi- '5 
on et ladite quantity d'air d'admission cible du 
moteur ; 

I'entrainement dudit papillon en accord avec le- 
dit degre" d'ouverture cible du papillon ; 20 

la detection d'une pression existante dans ledit 
passage d'admission ; 

I'etablissement d'instants d'OUVERTURE/de 25 
FERMETURE cibles de la soupape d'admissi- 
on en accord a la fbis avec la pression existante 
detectee dans ledit passage d'admission et la- 
dite quantite d'air d'admission cible ; et 

30 

I'entraTnement de ladite soupape d'admission 
en accord avec lesdits instants d'OUVERTU- 
RE/de FERMETURE cibles de la soupape 
d'admission. 
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FIG.4 
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FIG.5 
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FIG.6 
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FIG.7 
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